Objective: To evaluate the methodology for exploring the specific aspects of functional impairment in multiple sclerosis (MS) through the pattern of forces exerted in various manipulation tasks. Methods: Twelve mildly involved MS patients (EDSS 2.5-5.5) and 12 healthy controls performed various static and dynamic manipulation tasks with an instrumented device that recorded the grip (G; normal to the digit device contact area) and load force (L; tangential force that causes lifting). Results: MS patients consistently displayed lower indices of task performance (as assessed by the ability to produce the required L profiles) and force coordination (as assessed by G/L ratio, coupling of G and L, and G modulation) than the healthy controls across all tested tasks. Conclusions: The applied methodology could be sensitive enough to detect the hand dysfunction in mildly involved individuals with MS. Particularly recommended for future evaluations of the impairment of hand function could be a simple lifting task and the static task of tracing a gradually changing L, as well as the variables depicting both the task performance and G/L ratio. Significance: The applied methodology could be developed into a standard clinical test for the assessment of hand function in MS and, possibly, in other neurological diseases.
Introduction
Independent living heavily depends on the ability to manipulate various objects in everyday life. Hand dysfunction regarding a limited manipulation ability is commonly seen in centrally or peripherally damaged neurological patients, such as in stroke (Nowak and Hermsdorfer, 2003a), Huntington's (Serrien et al., 2002) , Parkinson's (Ingvarsson et al., 1997) , motor neuron disease (Nowak and Hermsdorfer, 2002) , or in peripheral neuropathy (Thonnard et al., 1997) . In the clinical practice, hand dysfunction has been assessed either by simple quantitative tests, such as maximum grip strength, range of motion of the fingers or by timed simple actions, or by subjective qualitative assessments (for details see further text).
The research done over the last few decades suggests that the hand function can be assessed through the kinetic analysis of various functional tasks. Specifically, the manipulation of fixed and free moving objects appears to be associated with high coordination of two particular force components. In a simple mechanical representation of lifting (e.g., lifting a glass of water), the load force (L) acts in parallel to the digits-object contact area and performs the lifting or holding of an object, but at the same time tends to cause slippage. Grip force (G) acts perpendicularly to the contact area. It helps in controlling the manipulated object hold within the grasp and also prevents the slippage. A consistent finding over a body of the literature is that the changes in G are highly coordinated with the changes in L without any time lags between them and therefore, the coordination appears to be based on anticipatory neural control mechanisms (Flanagan and Wing, 1995; Johansson and Westling, 1984) . The final outcome of this coordination is a stable G/L ratio that is highly adjusted to the friction coefficient to provide G that is slightly above the minimal level that prevents the slippage (Johansson, 1998) . In addition to G/L ratio, G and L coordination has been often assessed through a force coupling (as assessed by both high correlation coefficients and virtually no time lag between G and L (Flanagan and Tresilian, 1994; Zatsiorsky et al., 2005) ) and a high G modulation with respect to the changes in L (Flanagan et al., 1993) . Taking into account the essential role of G and L in manipulation activities, it should not be surprising that neurological patients and other populations known for impaired hand function consistently show deteriorated force coordination when performing various manipulation tasks. For example, along with an elevated G (Nowak and Hermsdorfer, 2002 Hermsdorfer, , 2003b Rost et al., 2005; Serrien and Wiesendanger, 1999) , uncoordinated changes in G and L have been consistently observed across neurological diseases (Fellows et al., 1998; Gordon et al., 2006; Hermsdorfer et al., 2003; Nowak et al., 2002 Nowak et al., , 2003 .
Interestingly, apart from G and L coordination, the coordination of L per se has been mainly neglected in the kinetic analysis of hand function in both healthy and various clinical populations. Namely,
